
United States Department of the Interior 
Bureau of Reclamation 
Engineering and Research Center 

Translation No. 
Team No. General 
Book No. 12,894 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

HYDRAULICS BRANCH 
OFFICIAL FILE COPY 

PROTOTYPE MEASUREMENT AND ANALYSIS OF THE AERATION SLOTS 
IN THE WUJIANGDU AND FENGJIASHAN HYDRAULIC STRUCTURES 

by 

XIA Yu Chang 

Tianjin Institute for Design and Survey 
Ministry of Water Conservancy 

Transla ted from the Chinese: Shuili Xuebao (Journal of Hydraulics, 
No. 2 , pp. 37-41, 1990 

Trans l ated by 
Dr. David Hsu 

Foreign Resources As soc i ate s 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
Division of Foreign Activities 
Code D-7200 

USBR Translations 
Denver, Colorado 
J anuary 1991 



Team No. 
Book No. 

PROTOTYPE MEASUREMENT AND ANALYSIS OF THE AERATION SLOTS 
IN THE WUJIANGDU AND FENGJIASHAN HYDRAULIC STRUCTURES 

by 

XIA Yu Chang 

Abstract 

General 
12,894 

Using dimensional analysis, the author discusses prototypic results 
of the aera tion rate in cavitation prevention structures of the Wujiangdu 
and Fengj iashan spillways. The aeration ratio was found to. be rela t ed · to 
the flow energy ratio and the dimensions of the aeration slot. Correl ation 
curves were plotted, us i ng the measurements results obtained on the proto­
type, and an empirica l equation was proposed for estimating the aeration 
ratio. 

I. Practical Signif i cance of Aeration Study 

A number of hydraulics problems must be considered in building aera­

tion and erosion-pr evention structures for high-head spillways. One of the 

important issues is proper selection of the aeration pipe . The sectional 

area of the aeration pipe depends mainly on the aeration rate; without 

adequate aeration, cavitation erosion will not be effectively prevented. 

Conversely, excess aeration can lead to saturation of the flow, extension 

of the nappe and sidewall, and consequently an undesirable flow pat­

tern. Aeration studies have been reported extensively in the literature. 

In this work an empirical equation for estimating the aeration rate of a 

channel/slot is proposed as a result of comprehensive anal ysis of proto­

typic measurement results of aeration slots in the Wuj iangdu and 

Fengjiashan spillways. 

II. Prototypic Observation of Aeration Rate in 
Aeration Slots of Wujiangdu and Fengjiashan Spillways 

(1) Layout of Channel/Slot Combination Type of Aeration and Erosion­
Prevention Structure 

1. Left- and right-hand spillways at Wujiangdu. Elevation of the dam 
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is 741.619 m, the maximum head on the upstream face is 101 m, maximum 

single-width flow rate is 201 m3/s-m, and the maximum flow velocity is 42 

m/ s. Two aeration channels were laid along the overflow surface of the 

spillway. The first channel is at the end (0+44.79) of the 1:0.7 slope 

reach of the overflow surface; the jump height is 0.61 m, slope is 1:11.8, 

channel width is 1.2 m, and channel depth is 0.93 m. Aeration pipes 1.2 m 

in diameter were installed in the two sidewalls of the right-hand ogee. 

For the left-hand ogee, onl y the left-hand sidewall has an operative 

aeration pipe 1.2 m in diameter; the pipe in the right-hand sidewall is 

clogged. The second aeration channel is installed in the mid reach 

Table 1. Working head and single-width flow rate of the aeration slot in 
the Wujiangdu spillway structure 

Location of aeration Head above the step Single-width flow rate 
channel Az (m) q (m3 /s-m) 

Upper slot of left- and 
right-hand spillways 39.31-48.07 51.85-163.08 

Lower slot of left- and 
right-hand spillways 82.44-90.8 51'.85-163.08 

Left-bank chute 77. 64-86. 61 38. 9-236.11 
No. 2 chute 71.1 52.15-164 .64 

(0+98.2) of the bucket reach. The jump height is 0.85 m, slope is 1:5, 

width is 1. 2 m, and depth is O. 8 m. The two sidewalls each contain 

aeration pipes 1.2 min diameter, as shown in Figure 1 . 

2. Left-bank spillway at Wuj iangdu. The elevat ion of the bot t om 

inlet of the sluice is 720. 0 m; the overflow surface is pa rabolic and 

unites with a 1: 1. 5 slope and the bucket reach. At the end of t he slope 

reach (0+105.5), an aeration channel is ins talled. The ste p height is 0 . 38 

m, slope is 1:17.5, width is 0.7 m, and depth is 1.4 m. Two aera t i on pipes 

1. 2 m in diameter are located in the two sidewalls. The outlets of one 
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pair of aeration pipes are located on the vertical wall downstream from 

the jump step. 

3. Overflow opening at Wuj iangdu. Between the right- and left-hand 

ogees there are four overflow openings. Weir elevation is 742.0 m, and the 

overflow curve unites with a reach with 1: 0. 7 slope, followed by the 

bucket reach. At the end of the slope reach (0+59) an aeration chan­

nel is installed. Step height is 0.85 m, slope is 1:5, width is 1.34 m, 

and depth is 0.8 m. Aeration pipes 1.2 min diameter are installed within 

the two sidewalls. 

4 . . Fengjiashan left-bank chute. The inlet weir is at elevation 697.0 

m; the overflow curve unites with a 1:2 slope, a bucket reach, and a 

horizontal reach. The to tal length is 922. 23 m. An aeration channel is 

installed on the bucket reach and also near the lower tangent point. The 

upper aeration channel has a step height of 0.6 m, slope of 1:15, width of 

0.9 m, and depth of 0.6 m. Aeration pipes 0.9 min diameter are installed 

inside the two sidewalls. The lower aeration step has a height of 0.3 rn, 

slope of 1:8, and the two sidewalls each contain an aeration pipe 0.9 min 

diameter, as shown in Figure 1 

(2) Prototype Measurement of Aeration 

1. High flow speed prototype observation of the Wujiangdu Chute. The 

Wujiangdu Hydroelectric Powerplant operated its overflow in 1982 and 1983. 

High flow speed prototype observations were also made at the same time. 

The reservo i r levels were 751.2 m and 760.2 m, respectively; both exceeded 

the design level of 750.0 m. The head on the aeration channel and the 

single width flow rate of the spillway structures are listed in Table 1. 

The aeration measurements were made with a Pitot tube and a special 
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Figure 2. Relationship between aeration ratio and flow engery 
ratio for an aeration slot 

hot-sphere anemometer; the air speeds in the aeration pipe measured by 

these two instruments agreed well. 

2. High flow speed prototype observation of the Fengjiashan left-bank 

chute. These observations were made in 1980 at a reservoir level of 

707.01 to 706.82 m. The heads on the upper and lower aeration steps were 

48 and 61 m, respectively, corresponding to gate openings of 2, 4, and 6 m 

and totally open. The single-width flow rates were 27.1, 47.5, 61.9 and 

76.1 m3 /s-m, respectively. 
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III. Analysis of Prototype Aeration Measurement Data 

When water flows over the aeration slot, the flow detaches from the 

jump and forms a water jet. The water jet is highly turbulent and hence 

mixes in air. In addition, a water-free cavity is formed below the jet. 

The pressure in the cavity is less than atmospheric. Due to this pressure 

difference, air is drawn into the aeration pipe. The ability of the water 

jet to mix in the air and the ability of the aeration pipe to supply air 

reach an equilibrium. The rate of aerat i on is therefore dependent upon the 

properties of the water, hydraulic parameters, and the dimensions of the 

aeration slot. Generally, this aeration can be described by the follow-

ing equation: 

q.=f(v, h, A.7, Ap/'Y, p, µ,, u, g, a, 0, t, d). (1) 

Using dimensional analysis, and following some simplification, a 

dimensionless expression is obtained: 

/3=!( 71, Re, We, Ee, a,f), t!d), (2) 

whe re ~ = Qe !Qw = qe l q8 , v , h , and A Z are flow velocity over the slot, 

depth, and head, respectivel y; p, µ, and a are water density, viscosity 

coefficient, and surface tension, r e spec t ively; g is acceleration of grav­

ity, LlP/1 is empty chamber negative pressure (head); a is the bottom slope 

of the sidewall for the upstream flow of the aeration slot; 8, t, and d 

are the aeration slot slope, step he i ght and slot depth, respectively;~. 

Re , Ee, and We are flow-energy r a tio, Reynolds number , Euler numbe r, and 

the Weber number, respectively. 

In the proto t ype, viscosity and s urface tension may be neglected. The 

flow i s governed mainly by gr avity. I n geome tr i cally s i mila r situa tions 

the pressure fie ld i s determined by the veloci ty field ; that i s , dynamic 

similarity is automatically satisfied, and the Euler number is not taken 
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Table 2. Dimensions of slot and step of aeration and cavitation 
erosion reduction facility 

Dimensions 
Project name and Diameter of 

location of aeration slot Step height Step slope Slot width Slot depth aeration 

(m) (m) (m) slot, 

Upper aeration slot of Wujiangdu 
left-bank spillway 0.61 1:11.8 1. 2 0.93 2 X ¢1.2 

Lower aeration slot of Wujiangdu 
left-bank spillway 0.85 1: 5 1.2 0.8 2 X ¢1. 2 

Wujiangdu left-bank chute 0.38 1:17.5 0.7 1.4 4 X ¢1. 2 
Wujiangdu chute No. 2 0.85 1: 5 1. 34 0.8 2 X ¢1. 2 
Upper aeration slot of Fengjia-

shan left-bank chute 0.6 1:15 0.9 0.6 2 X ¢0. 9 
Lower aeration step of Fengjia-

shan left-bank chute 0.3 1: 8 2 X <{>0.9 

Note: Both sidewalls contain an aeration pipe. Only the right-hand side of the 
upper aeration slot in the left-bank spillway at Wujiangdu was plugged. 

to be a variable. Hence, equation (2) can be simplified into the following 

expression: 

P=f( 11, o, (} t+d) 
' h . (3) 

A total of 35 sets of aeration data were collected at seven aeration 

slots at the left- and right-hand spillways of Wuj iangdu, at the left 

chute and the No. 2 overflow outlet of Wujiangdu, and at the left hole of 

Fengjiashan. A correlation curve is drawn on the basis of equation (3). 

Here the flow energy ratio is the primary variable, the aeration channel 

dimensions are the parametric variables, and the water-vap?r ratio is the 

dependent variable. The results are shown in Figure 2. 

Figure 2 shows that the 35 sets of prototype observation data are 

quite concentrated, and the effects of the aeration channel are not read­

ily recognizable. The actually measured results show that, within the 

above range of aeration channel dimensions, the water-vapor ratio is 

related mainly to the flow energy and not affected by the aeration channel 

dimensions to any noticeable extent. Curve fitting yielded the following 
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empirical expression: 

P=o.01s+o.4G4e-u 1
" • 

(4) 

The above equation is valid when the flow energy ratio( TJ=q/,./q .dzi.a) 

falls between 0.018 and 0.156. The dimensions of the aeration channel are 

listed in Table 2 below. 

In addition, three correlation graphs were plotted, including {3 = 

f(Qu, channel dimensions), {3 = f(Fr, channel dimensions), and P = f(11, 

channel dimensions). A comparison shows that the correlation is best among 

the {3 = f(11, channel dimensions) group. 
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